(12) 



UK Patent Application , 1S ,GB „„2 344 606 „„ A 



12V Application No 1826443.1 
(22) Oat* of Filing 0*11.W» 



I3« Priority Dju 
oi) Anna) 



C22) 07.1Z1M* (33) us 



171) AnpieanKs) 



in Hi 

p/acamvan 



ft.V. 



(72) Jnwtfltoita) 



n 



t43> Date of A Publication 14dOL20OO 



£21 43/10 

(62) UK a (Edition H J 
ElFFJTFtA 

W Document* CJlad 

0» 2128*1* A GlZftBfK A 
W09V00O8A US 5941095 A 



t») KatdofSttrch 



C4) Agantand/lBrAddnaaforSanfica 



MohvdCwIKart 



at Co 



J"2J"*' WeUBB. im Kkgmny, LONDON. 



(541 Abtbactlitl* 

WaHboffa caving Willi rada&y ocparMJad Bnar axtfudad off a anavMaral. 

B7) A tubular linar 210 aod mandraJ 20S ara ootitionad urfrMn . « „■_ .... 

<**rtapping m ixlttmg casing , 10 i„ £ZT:J Ta SS^^Si!^^*"* 100 ** h *• tubuJar 
taction ofwallbora 310 b*cwthalav* ?afS2m2. !S25?^ S"* °* «B«*» » * mjecM into th. 

^tarc**, . plug 405. A«X^.S ?T "* *T "j 1 ****"*' 




o 

CD 
CO 

6 




> 




FIGURE 3 




FIGURE 4 




FIGURES 




CD 

i 

u. 




FIGURE 10d 




FIGURE 10e 




FIGURE 10f 




FIGURE 11a 




FIGURE 11b 




I 



t 



FIGURE 11c 




I 



I 

ft 

* 

FIGURE 11d 




I 



I 

i 

FIGURE 1 if 



2344606 

WEULBORE CASING 
Cross Reference To Related Applications 
This application claims the benefit of the filing date of Ui>. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 

Background of the Invention 
This invention relates ganerafy to wellbare casings, and in particular to 
weHbore carinas that are formed using expandable tubing. 

Conventionally, when a wellbare is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undeaired outflow of drilling fluid into the forniatian or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed in a lower borehole inter^ is lowered through a previously 
installed casing of an upper borehote interval As a consequence of this procedure 
10 the casing of the lower interval is of Hmaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement aivnuli are provided between the outer 
surfaces of the casings and the borehole waU to seal the cosmg8fix)m the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes doe to large variations in hoi e diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Hie present invention is directed to overcoming one or more of the 
limitations of the existing procedures for farming new sections of casing in a 
weUbore. 

25 Smrunary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that incm^ 



In the borehole, injectingftaidic material into the borehole, and radialty 
the liner in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method of fo raring 
a weUbore casing is provided that includes drilling out a new section of the 
5 borehole a4jacent to the already e A tubular liner and a mandrel are 

then placed into the new section of the bor^k with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an <mniitor region between the tubular liner and the new section of the borehole. 
The annular region between the tubnto 

10 is then fluidicly isolated bom an interior region of the tubular oner below the 
mandrel A non hardenable fluidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular tin or is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 

15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the harden able fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 

20 cured fluidic )i«rHgnnli1« wiling m^teri*! within the tubular liner is removed, 

According to another aspect of the present invention, an apparatus for 
»Tpqndtng a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first 
passage. The mandrel is coupled to the support member and includes a second 

25 fluidpassage. The tubular member is coupkd to the m^^ The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 

fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 **i*mAsM* mimdral, a tabular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 



-2- 



mandrel is coupled to the support member and nKludes a third fhiid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
ele ments. The shoe is coupled to the tubular member and includes a fourth Duid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular membe r 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an cmter diameter of the second tuta 
member, is provided that indx^ 

10 of the second tubular member. A portico of an interior regkra of the second 
tubular member Is pressurized a 

the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 



provided that includes mn annular 
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sealing 



16 at an end portion of the anmiiar member, and one or mm 
at an end portion of the annular member. 

According to a not h er aspect of the present invention, a wellbore casing is 
provided that Includes a tubular liner and an annular body of a cured fhiidk 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weHbone casing ii provided that includes a tubular liner and an 
annular body of cured fhrirtic sealing material. The tubular liner is formed by the 
process of extruding the tubular Kner off of a mandreL The annular body of a 
25 cured fluidic seahng material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
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ig a tubular m emb er is provided that includes a support 
mandrel, a tubular member and a ahoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. Hie mandrel includes 
30 a second fluid passage operahty coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drillaMe. 
The tubular member is coupled to the mandreL The Bhoe is coupled to the tubular 
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member. The shoe includes a third fluid passage operabry coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 

the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 U a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenahle fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a iff fmfrthfrrfl Tfl T ™ >T>fa * , y m w*^ppHdnnal viewiDuslratingtheiqjection 
of a first quantity of ahardenabk fluidic sealing material into the new section of 

15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenahle fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary crosa-eectional view illustrating the drilling out of 
20 a portion ofthr rnH hftrt»™h*« fluidic wealing material fircm the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an emb<)diment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

PTQ 8 is a fr agmPiitATy rrnftiMtefitkmal illustration of the placempnt of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of theapparatusof FIG. 9. 
FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



FIG. 10a is a eroaa-aecticnal illustration of a wellbare including a pair of 
adjacent overlapping casinga. 

PIG. 10b is a cross-eectkmal illustration of an apparatus and method for 
creating a tie-back liner using an expanriible tubular member. 
5 FIG. 10c is a cross^ectioiialillustra^ of the pumping of a fhndic sealing 
material into the annular region between the tubular mcato 

casing. 

FIG. lOd is a crose^ectiona! il^^ interior 
of the tubular member below the mandrel 
10 FIG. lOefea cross-sectional fflnstratkm of the extrusion of the tubular 
member off of the mandrel 

FIG. lOfisacroaa^ctiaad 
out the shoe and packer 

FIG. lOg is a cross-sectkmal illustration of the completed tieJback liner 
15 created using an expendible tubular member, 
FIG. 11a is a fragmentary croawectiai^ 
new section of a well borehole, 

FIG. lib isairagmentarycrossTflectfonal view 
an embodinient of an apparatus fi^h^ 
20 oftheweU borehole. 

FIG. 1 lc is a fragmentary croea-ecrtkmal view illustrating the injection of 
a first quantity of ahaidenable^ 
well borehole. 

FIG. lid is a fragmentary croaa^ectional view fflustrating the introduction 
25 of a wiper dart into the new eectkm <rf the weU borehole. 

HG. lie U a fragmentary croawe^ 
asecondquanthyofahaxdenabte 
the well borehole. 

FIG. llfw a fragmentary cross-Bectioi^ 
30 of the tubular liner. 
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Detailed Description of the mtwtrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore easing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of 8 wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tabular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 

10 member to be supported by an existing tubular member by rcqwrnrirng the new 
tubular member into engagement with the masting tubular member. The 
apparatus and method further minimkes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular memberoffofamsndielr^p«ssmnxing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tnhular members 
in the weEbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an f r*gfr"g tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 
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that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 

permit the interior portion* to be removed using a conventional drilling apparatus. 

In this manner, in the event of a malfunction in a dovmhole region, the apparatus 

may be easily removed. 

An apparatus and method for >i*ngmg an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method r^rait a tubular liner to be 

attached to an existing section of casing. The apparatus and method further have 



application to the joining of tubular 



rsin 



raL 



Referring initiauy to Figs. 1-5, em embodiment of an apparatus and method 
for forming a wellbore casing within a embterranean formation will now be 
described. As fltastxated to Rg.1, a wellbore 100 is positioiied in a subterranean 
formation 105. The weUbore 100 indudas an gristing cased -iffqn 110 ha-ring a 
5 tubular easing 115 and an annular outer layer of cement 120. 

In oarder to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 foribriningaweubowcaeingin 
10 a subterranean formation is then j 
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the new section 130 of the wellbore 



100. The apparatus 200 preferably includes an expandable mandrel or pig 205, a 
tubular member 210, a aboe 215, a tower cop seal 220, an upper enp seal 225, a 

fluid passage 230, a fluid passage 235, afb^paasage240,seals245, and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and aupported by the support 

memb er 250. Tha expandable mandrel 205 is preferably adapted to controllabry 



e; 



«» :tii< 



in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional conraeraalfr »™ljAiA expandable "umdrdg modified in 
accordance with the teaching! of the present disclosure. In a preferred 
20 embodiment,^ 

disclosed in US. Patent No. 6,848,096, the contents of which are incorporated 
herein by reference, modified in accordance with the t^ffK^n gn of the present 
disclosure. 

Trie tubular member 2 10 is mipported by tha expand^ The 
25 tubular rneinber 210 is expanded m the ra^ off of the 

expandable mandrel 205. Tha tubular member 210 inay be fabrkat^ 
number of conventional commercially available materials such as, for example, 
Oilfield C^try Tubular Goods (OCTQ), 18 chromhmi steel tubmg/c^^ or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
SO fabricated rromOCTG to ordtt to The inner 

and outer diameters of the tubular member 210 may range, for example, from 
apinOTmately 0.75 to 47 inches and 1.05 to 48 mcbes,respectr?eh/. 



embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 35 to 16 inches* respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 prefe r a bly comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated^ or otherwise modified to 

when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tabular member 210 is limited to minimise the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down prog modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with theteamingsof the present disdoeure, in order to opting 

the tubular member 210 in the wellborn, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluidic aeaUagmaterial into the 
region outside the shoe 215 and tubular member 210. In a prefer r e d embo diment , 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ballBeaHng member. In this manner, the fluid passage 240 
can be optimally sealed offt^ 
into the fluid passage 280. 

-8- 
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260. The tower cun seal 220 prevents fawrf gn materi als farm entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cap fieal 220 may comprise any number of conventional commercially 
available cup seals each as, for example, TP caps, or Selective Injection Packer 
(SEP) cups modified in accordance with the teMddngs of the present discbeure. In 
a preferred embodiment, the lower cup aeal220comprijeeaSn' cup seal, available 
from Halliburton Energy Services in Dallas, Tgrnordartoop timally bloc 



material 



10 



a body of hibricant 

seal 225 is coupled to anil supported by the support 



250. Theuppercup seal 225 prevents foreign materiata from catering 
region of the tubular member 210, The upper cup seel 225 may comprise any 
number of conventional commercially available cup seals aodi as, fbr example, TP 
cups or SIP cups modified in accordance with the **~»^gft of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas, TX in order to optimally 
block the entry of foreign materials and a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior regirm nfth* tubular member a i n «*> expandable mandrel 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferahry 
extends from a position accent to the surface to the bottom of the expandable 
mandr el 205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 Thefluid passage 230 is preferahry sdacted,m the easing runnmg mode of 

operation, to transport materials such as drilling mnd or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gaQomVmmuto and 0 to 9,000 
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surge pressures exerted on the wdlb^ 
d lead to hole collapse. 

Thefluid passage 235 permits fluidic materials to be released from t^ 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the welibore 100, fluidic materials 256 forced up the fluid 
passage 230 can be released into the welibore 100 above the tubular member 210 

thereby minimizing surge pressures on the welibore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidity coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimix* surge pressures. The 
fluid passage 235 is preferably positioned substantially 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the welibore 100 and to minimise surge pressures on the 

15 new welibore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tabular member 210 below the 

20 expandable mandrel 205. Hie fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, tobe placed in fluid pass 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 bebw the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned subst antially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tulralar m 

100 with fluidic materials. In a preferred embodiment, the fluid passage 240 

-10- 
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i n c lud es an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 245 are further positioned 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 ofthe casing 116 and the j 
260 crfthe tabular member 210 to be flmdictyaeel^ The seals 245 may 
any number of conventional cominett^ availeiile seals suia as, for example, 
10 toad, rubber, Teflon, ox epoxy seals incdftledm accordance with the teachin gs of 
the proeont disclosure, In a preferred anftodiinent, the a 
Straialo<i epoxy aveilahle from HaM 
to optimalh? rmrride a load bearmg mt^ 
tubular member 210 and the end 270 ofthe existing casing 115, 
16 In a preferred embodiment, the seals 245 are selected to op timalfr provide 

a sufficient frictional force to suimort the expanded tubular member 2101^ 
existing caaing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 246 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support minnber 250 is coupled^ 

member 210, shoe 215, and seals 220 and 226. The support member 250 
preferabty coinprises an armul« 

apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiment, the support member 250 further mcludes one or more conventional 

25 centraiizera (not Illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity eftobrieant 276 is provided m to 
annular region above the expandable mandrel 205 within the interior of the 
b^mlarmember210. mthisnunmer.tlieextnisien ofthe tubiilar member 210 off 
ofthe expsndabtenmau^awisfedm^ The hibricantm may comprise any 

SO number of conventional commerdaUy available hmricana such as, for example, 
Lu hr i pt ftto,rhlo r ine 

(3100). In a preferred embodiment, the hibricant 275 comprises Climax 1500 
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Antigieic (3100) available from Climax T aibricants ndBqufommt, Co. in Houston, 
TX in order to optimally provide optimum lubrication to faciliate the expansion 
process. 

In a preferred embodiment, the support member 250 ia thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatns 200. In this manner, 
the introduction of foreign material into the apparatus 200 ia minimized. This 
minimizes the possibility of foreign ma***™! rfngn^theTmri<msflire 
valves of the apparatus 200. 

In a preferred embod immt, before or after positioning the apparatus 200 
10 within tbe now section 130 of the weEbore 100, a couple of weflbore vohimea are 
circulated in order to ensure that no foreign materials are located within the 
weDbore 100 that might dog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with tha expansion 
process* 

15 Ab illustrated in Fig. 3, the fluid passage 235 is then dosed and a hardenable 

fluidic sealing material 3 05 is then pumped from a surface location into the fluid 
passage 230. Tbe material 305 then passes from the fluid passage 230 into the 
interior region 310 of tbe tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into tbe annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, weDbore section length, 
available pumping equipment, and fluid properties of tbe fluidic material being 
pumped. The optimum flow rate and operatic 

30 using conventional empirical methods. 

Tbe hardenable fluJdk sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 

-12- 



for example, slag mix, cement or ©poxy. In a preferred embodiment, the 
hardenahle fhridic sealing material 805 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TXin order to provide optimal rapport forte 
5 whito ato maintain^ 

liar region 315. The optimum blend 



during the 



of the blended cement ia preferably determined using conventional empirical 
Trifftbodp 

The annular region 315 preferably is filled with the material 305 in 
10 sufficient quantities to ensra 

210 f the annular region 815 of thenewaectioolSOoftha 

with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 

thirtmeiw and /or the outer diameter of the tabular member 210 ia reduced in the 
15 region adjacent to the mandrel 205 in order optima^ permit 

apparatus 200 in positions in the wenborewithti^cfearances. Ftothennore, in 

this manner, the initiation of the radial expansion of the tubular member 210 

during the ertrnaion process is optimally ferilitated 



As illustrated in Fig. 4, once the 



fluid 



tr region 315 has been adequately 
Serial 305, a phig 405, or other amn^ 

240 thereby flmdicry isolating the interior region 310 from the 
annular region 315, In a preferred embodiment, a non-hardcnable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expended tubular member 2 10 will 
25 not c ontain f a gnifi r ant a mo u nts of cored material 305, TWs reduces and amplifiee 
the coat of the entire proas*. Alternatrvely.the 
this phase of the process. 

Once the interior region 310 becomes sufllcientty pressurized, tlie tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, tlieexpand^b man 

the tubular member 210. In a preferred ^^nfr, during the extrusion 
process, the mandrel 205 is raised a* approximate^ tl» 
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relative to the new wellbare section 130. In an alternative preferred embodiment, 



the extrusion process is commenced with the tulriilar member 210 positioned abc^ 
the bottom of the new wellbore section ISO, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 



down the new weUbore section 130 under the force of gravity. 



The plug 405 is preferably placed into the fluid passage 240 Irj introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phig 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenahls fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from ptaggingafhiid passage such aa, fro 
Cementer (MSO latch-down phig, Omega latch-down plug or three-wiper latch- 
dawn plug m<xiified in accordance with the t ee chtngn of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
Halliburton Energy Services in Dallas, TX. 



able 



After placement of the plug 405 in the fluid passage 240, a non 1. 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psiandSO 

20 to 4,000 gaJlomV miD In this manner, the amount of hardenable fluidic lealing 
material within the interior 310 of the tubular member 2 10 is mfriimtTrd In a 
preferred embodiment, after placement of the phig 405 in the Quid passage 240, 
the ncm hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates rangim^ 

25 3,000 gallons/min in order to manmixe the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimis e 
tensile, burst, and friction effects upon the tubular member 210 Airing the 
expansion process. These effects win be depend upon the geometry of the 
expaiision mandrel 205, the 

30 expansi on mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 2 10 

of the tubular member 210. In general, the thictothe waut hfrkneffi , the smaller 
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the inner diameter, and the greater the yield strei^ofthe tubular meniber 210, 
then the greater the operating pressuret refined to extrude the tabular 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion qfthe tubular member 210 
5 off of the wptnriftMn mandrel will begin when the pressure of the interior regi 
310 reaches, for example, approximately 600 to 9,000 peL 

DmTPgthe extroxkm process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from ahoutOtoSrVaec. In apitferred embodiment, 
10 process, the expandable mandrel 205 iaiaiaedoutaftheerpandWporu^nof the 
tubular member 210 at rates ranglnglrimi about 0 to 2 fbaec murder! 
tb* time required for tl» expa^ 



iiltiitii 



the expansion process. 

When the end portion 260 of the tubular inenfoff 210 is extruded offof the 
16 expandable mandrel 206, the outer smlaes 266 cf tba end portion 280 of the 

tubular member 210 will preferably contaetthemterior surface 410 of the 

portion 270 of the casing lie to form im fluid tight owlaiming joint The contact 

pressure of the overlapping joint may range, for example, from approximately 60 

to 20,000pm. In a preferred endnxunie^ 
20 johit ranges lhmi apprexfamto^ 

pressure to activate the annular sealing members 245 and optimally provide 

reastance to axial motion to acce^ 



The overlapping joint between «*non 410of theexurtmgiasing 116 and 
the eectton205of theexpanded bibular 
25 andfluidkaaaL Inapartiouax^ preferred embodmwm 
optinially provide a fond^ 

Inapieleriedembodunent, the operatic 
hardship fli.iriic notorial 306 is otmtrtJlabfr ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the audden release of preesurec^ 

tubxuar member 210 off of the expandable n^andr^ fa . 
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preferred embo diment, the operating pressure is reduced mm substantially linear 
fashion from 100% to about 10% during the end oftheextruskm process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination a shock absorber is provided in the support 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock abeorber adapted for use in vrellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the weUbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 

20 210 is then removed in a conventional manner such as, for example, cimilathig the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or null is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 6 , preferably any nm^ 
the interior of the expanded tubular member 210 is thai removed in a 
conventional f*»"«»* using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 sad an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed fay drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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la a preferred embodiment, as illustrated in Fig. 6, the upper portion 2 60 
of the tabular member 210 includes one or more seaJiof members 605 aiid one or 
more pressure relief holes 610. In th^mfmr^, the overiappiiig joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalised duimf^esiiusian process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 members 605 are bonded or molded onto the outer surface 265 of the upper portion 
260 of the tubular member 210. The pressure relief holes 610 are preferably 
portioned m the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressure 

the tubular member 210. This reduction m required operating pressure in turn 
15 reduces the velocity of the mandrel 206 upon the completion of the extrusion 
process. This reduction in velocity fa torn mmimitea the mechanic^ 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
20 expandable mandrel or pig 705. an expandable mandrel or pig 71^ „ 

tubular member 715, afloat shoe 720, alower cm? seal 726, anupper cup seal 730, 
a fluid passage 735, a fluid passage 740, a support member 745, a body of lubricant 

750, an overshot c onn ection 755, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 746. Theexpamiableinandrel 7C»ia forto 

mandrel container 710. The expandable mandrel 705 ia preferably adapted to 
eontroDably expand In a radial direction, The expandable mandre l 705 may 
comprise any number of conventional commercially available expandable mandrels 
30 modified in accordance with the teaching nfth» pr.,^ .y,^^ fa tt preferred 
oent, the expandable mandrel 705 comprises a hydraulic expansion tool 
Hy as disclosed in US. Pat. No. 5^48,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

Hie expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further peopled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such aa, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tabular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is prpwnried, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plasties. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p r e f e r r ed embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment* the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicinity of the top of the 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 826 of the 
5 tubular member 715. 

In a preferred embodiment, the wan thickness of the upper secti^ 
the tubular member 715 in greater ^^hmfl of the intermediate 

and lower sections 810 and 815 of the tubular member 715 in order to optimally 
fecOiate the initiation 
10 700 to be positioned in locations m 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range. Car cxaropls, from abort 1.05 to W 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubular member715 range from about3.5 
15 to 16 inches and ZJ8 to li> inches, respectively. 

Hie outer diameter and wall thickness of the intermediate section 8 1 0 of the 
tubular member 715 may range, for example, fom about 2£ to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 716 range 

20 from about 3.5 to 19 inches and 1/8 to U25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2J5 to 50 inches and 1/16 
to 1.25 inches* respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 

25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred emb o dim ent, the wall t hickness of the lower section fiifl *r thy ftibufrr 
member 715 is further increased to increaae the strength of the shoe 720 when 
drillable materials such as, fhr owmp^ aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. In 
80 apreferredembCKhm^ 

perforated, or otherwise modified to 

completes the extnision of tubular member 715. In a preferred embodiment, the 

-19- 



length of the tubular mgrnhgr 7 1 fi is limited t/i mi nimj^ »h<> p^iKjhty ofbuddmg. 

For typical tubular member 715 materials, the length of ft* tubulsr member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tabular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further indudea an inlet passage 830, and one or more 
jet ports 835. In a particularity preferred embodim e n t , the cross sectional s hape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for Mocking the inlet passage 830. The interior of the shoe 720 
10 preferahfr includes a body of solid material 840 for increasing the strength of the 
shoe 720. In a p»rHm l* 1 *? pr e fer red «mhrntii™w%+ f he hnfty rf solid material 640 
comprises ahimi 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, IX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 716 and an existing w 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupted to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 705. The lower 
cop seal 725 may comprise any number of c uu v e utk mal commercially avaflabte cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified fa accordance with the ***** present as—Wii** In a preferred 

embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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10 from the; 



The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cop seal 730 preventefo^ 

region of the tubular member 715. The upper cup seal 730 may comprise airy 
number of conventional commercially available cup aealssucliasjor example, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of tfaepresent disclose In apreferred embodiment 
730 comprises a SIP cup availah^ 

in order to optimally provide a dAris barrier and contain a bcxry of hib 

The fluid passage 735 permits fluidic materials to be transported to and 
rior region of the tubular member 716 below the expandabb mandrel 
705. fluid passage 735 is fMdicrycoi^^ tfcefluid 
passage 736 is prcferabry coupled to and positioned within the support me^ 
760, the support member 746, the mandrel container 710, and the expandable 
mandrel 705. T*e fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the fryrwm 

ia preferably poaticmedalo^ The fluid passage 

73 5 is preferably sel ected to transport materials such as cement, drilling mud or 
eposes at flow rates and pressures ranging from about 40 to 3^)00 galkmstainute 
and 500 to 9,000 peri in order to provide sufBoent operating jwessu^ to extr^ 
20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. l-6> during placement of the 
apparatua 700 within a new section of a weffi>ore > lhddfc materials fon^ up tte 



fluid passage 735 can be released into the weDbore above the tabular member 716. 
In a preferred embodiment, the apparatus 700 farther indudesa pressure release 
25 passage that is coupled to and positioned within the support^ The 
pressure release passage is further ftiididy coupled to the fluid passage 735. The 
pressure release passage preferably includes a control valve for eontrollably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure actrvatedm The 
30 pressure release passage is preferahr/ positioned su^^ 

centerKne of the apparatus 700, The pressure release passage is preferably 



aelected to convey materials such as cemen 



or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minfanize surge pressures on the new weDbore section. 

The Quid passage 740 permits fluidk materials to be transported to and 
6 from the region exterior to the tubular member 715. Hie fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in Ouidic <xyrnmnnifatirrn 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to 

10 to thereby block further passage of flnidk materials InthismanneT,thebatcrior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidicfr isolated from the region exterior to the tubular member 7 15. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey m aterials audi aa cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally nil an annular region between the tubular member 715 and a new 

20 section of a wellbore with flnidic inatcrials. In a preferred embodiment, the fluid 
passaga 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtroducmg a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In api^fei ted embodiment, the apparatus 7W 

seals 845 coupled to and supported by the end portion 820 oftbe tubular member 
715. The seals 845 are further positkmed on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be Guididy sealed. The seals 845 may comprise any 
number of conditional commercially available seals such as, for example, teed, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 

molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapp ing joint between the tubular member 71 5 and an 
5 existing casing with optimal load bearing 
715. 

In a preferred embodiment, the seals 846 are selected to provide a sufifcient 
frictional force to support the expanded tubular member 715 from the gristing 
casing. Inapretoedembod^ 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expand e d tubular member 715, 

The support member 745 is pefaahfr coupled to 
705 and the overshot c onne c t io n 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
16 700 into a new section of a wellbore* Tne support member 746 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other hi g h strength tubular modifie d in 
accordance with the teaching! of the present disclosure. In a preferred 
embodiment, the supped member 745 comprises conventional drill pipe available 
20 from various steel mills in the United States. 

In a preferred embedment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
thetuhularniember716. In this maimer, the extrusion of the tubnlarmember715 
off of the expandable mandrel 705 is facilitated The lubricant 705 may comprise 
25 any number of eonventianal comioerciaUy available lubricants such as, for 
example, Lobriplate, chlorine baaed lubricanta, oil based lubricants, or CEmax 
1500 Antisiexe (3100). In a preferred embodiment, the hmricant 760 comprises 
Climax 1500 Antisiexe (8100) available from Halfiburton Energy Services in 
Houston, TX in order to optimally provide fabrication to feciliate the extrusion 
30 process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member 760, Tie overshot connection 7W 



member 745 to be removably coupled to the support member 760. Theovershot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
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lent, the overshot 
Upper Guide avafla 



lection 755 compriaes a Innerstring 

Adapter with a 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
preferably ir™ 1 !" 4 *" 1 " ATl annular member having itffiwmt strength to carry the 
apparatus 700 into anew sectksn of a weDbore. The wipport member 760 may 
comprise any number of conventional commercially available support members 



g or other high strength tubulars 
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such as, for example, steel drill pipe, coiled 
modified in accor dance with t ftnr h frig * *^th<» present diaclosure. In a preferred 
15 embodiment, the support member 760 compriaes a conventional drill pipe available 
from steel mills in the United States. 

The stabiliser 765 is preferably coupled to the support member 760, The 
stabiliser 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably compriaes a 
20 spherical member having an outside diameter that is about 30 to of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715, The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 

i mod ified in accordance with the teachings 




25 of the present disdosora. In a preferred embodiment, the stabilizer 765 compriaes 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thorough^ cleaned prior to assemhfy to the remaining portions of the apparatus 
30 700. In this manner , the introduce 

is minimized- This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodi ment, before or after positioning the apparatus 700 
within a new section of a weEbore, a couple of weUbore volumes are circulated 
through the various flow passages of the ^parahxsTOOinordartoeiisurethatno 
foreign materials are located wtthm 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the 

In a preferred embodiment* 

described above with reference to Figs> 1-7 to fom a new section of casing within 
awellbore. 

10 Asilhistratedmrlg:8>ana 

and apparatus described herein is used to repair an existiiigwellbcOT casing 8« 
by forming a tubular Knar 810 Inside of the existing wellbare 806. Ina 
preferred embodiment, an outer annular lining of cement is not provided in the 



repaired section. In the alternative preferred embodiment, any 
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16 materials can be used to expend the tubular hner 810 into 



offluidic 
contact with 

the damaged section of the weDbore casing each as, for example, cement, epoxy, 
dag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at oothendsrftbataljnlarmeinbermorder 

to optimally provide a fmidic eeal In an alternative preferred ernbodiment, the 
20 tulraliu-lmer810ifitorinedwitbinahoriio^ 

as those used to transport b^drocarbonacewater, with the tabular 

in an overlapping relationship with the adjacent pipeline section. In this manner, 

und<ugiuuiid pipelines can be repan 

damaged sections. 

25 In another alternative preferred embodiment, the method and apparatua 
described herem is used to directh/u^ ia a 
preferred embodiment, an outer aiiiuxla^ 

the tubular h^810aiid the wellbore. Li the alternative preferred embodiment, 
any nnnmer of fluidic materials can 

30 totmiato contact with the wellborc s epoxy, alag mix, 

or drilling mud* 
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Referring now to Figs. 9, 9«, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weubore casing includes an expandable tubular 

member 902, a support 











i 



908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits eaay removal of those ekments by drilling them out. In this 



manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods- 

The expendible tubular member 902 preferably in dudes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 902 is preferably extruded off of the manbW 
906 by pressuriring an interior region 966 of the tubular memb er 902. The 
tubular member 902 preferabiy has a substantially annular croas-eectian. 

In a particularly preferred embodiment, an exp andable tnhular member 916 



is coupled to the upper portion 910 of the expandable tubular member 902. During 

15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurising the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantial ry annular croes-Bection. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall t^ V^™ of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials audi aa, for example, oilfield 
tnbularg, krw pllqy steels, titanium or gteela. In a preferred embodiment, 

the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide appr o xi mately the same mechanical properties as the tubular member 902 . 

25 Inaparticularly preferred emb^ 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties m the tubular The tubular 

member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a fhiidicand/or 
gaseous seal with an eTiffting section of wellbor© casing. 



2$- 



In a preferred embodiment, the combined length of the tabular members 
902 and 9 16 ere limited to minimize the poesibili^oflmcldiDg. For typical tubular 
member materials, the c omb i ne d length of the tubular members 902 and 915 are 

limited to between about 40 to 20,000 feet in length. 
5 The lower portion 9Hof the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available such as, for example, oilfield 

tubular* km alloy ite^ In a preferred embodiment, 

the tabular member 902 k 

provide app na imatefr the same mechanical propertiea aa tha tubular mftmVi^qifi 
In aparticularly preferred em 

15 point ranging from about 40,000 to 135,000 pai in order to optimally provide 
approximately the same yield p rop erti es as the tubular member 915. 

Tha wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 9 14 of the tubular member 902 may range, for example, from about 1/16 to 1 .5 
inches. In a preferred rnihndwnftnt, the tfririn^gp *f*h* upper, fatfin"' ri i afr r 

20 and lower portions, 910, 912 and 914 of the tubular manu^ 

1/8 to 1^5 m order to optimally previa w»n foJcy^ fri^t ^ afcput the game as 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
knrer portion 9 14 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole* 

The outer diameter of the upper, mtermadiate, and lower portions, 910, 912 
and 914 of the tubular mea^ 
inches. In a preferred enibodmiem%tto 

and lower portions, 910, 912 and 914 of the tabular member 902 range fo^ 
90 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonry used oflfieid tubular*. 
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The length of the tubular member 902 is preferably limited to between 

about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commerriaQy available tubular 



mFTTinera modified in accordance with the tnarhingB 
of the present disclosure. In a preferred embodiment, the tubular member 902 
mrises OilSeld Country Tubular Good* available from various US . steel mills 



The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teaching* of the 

10 preeent diflriomtra. In a p n? f r rrr 1 embodiment, the tabular member fti K rrnnprfoft* 
Oilfield Country Tubular Goods available from various UfL steel milla. 

The varioui elements of the tubular member 902 may be coupled usirig any 
number of conventional process audi as, for example, threaded connections, 
welding or nnM*hw»d from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled uaing welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. Thevarioua elements of the tubular member 916 m^ be coupled uaing any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. Hie tubular 
member 915 may comprise a ptaraWy of tubular 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece, 

25 The support member 904 preferabry includes an innerstring adapter 916, 
a fmM passage 918, a* upper gui^ During operation of 

the apparatus 900, the support member 904 preferably supports the app 
during movement of the apparatus 900 within a wellbore* The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for ermnpfa, oflfidd 



tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



• j t ■« it i 



it, the support member 904 is fabricated from low alloy steel in order 
tally provide high yield strength. 
The iimeratriiig adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a imrfk» location. Theinnerstrmgadaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferabr/uaed to convey flukla and other materials 
toandftomtheapparatuaSOO. In a preferred embodiment, the fluid pessage 918 
is fhiidicly coupled to the fhxid passage 952. In a preferred embodiment, the fluid 
10 passage 918 ianasdto convey hardepahle flmdfr ■ealingmatcrialsto and from the 
apparstus900. Inaperticnlarfrproto 

inchide one or more pressure rcHef passages (not illustrated) to release fluid 
preesure (roriDgr^MPtionmgof the apparatus 900 within a wellbore In a preferred 
embodiment, the fluid passage 918 is positioned alonga kragitudinal centeriine of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardeuabk fluidic materials at operating pressures 
ranging from about 0 to 9, 000 psL 

of the support member 



The upper guide 920 is coupled to an upper p 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tabular member 915. The upper mtat 920 may compiw any n umber 
^ conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred emhrrihnent, the upper guide 920 comprises an 
uraerstringadapter available from Halliburton Enai^aflrvirftft<Ti f bitu ? /TK order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 Hecouplfcjg 922 couples the support member 904 to the mandrel 906. The 

coupling 822 preferably aimprisea a commtimal threaded connection. 

The various elements of the support meinber 904 may be coupled using any 
number of cnovsntianal processes such as, for example, welding; threaded 

en t, the various 
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connectiana machined from one piece. In a preferred 
30 elements of the support member 904 are coupled n-ring - threaded conned 

The mandrel 906 preferably include* a retainer 924, a rubber cup 926, an 
expansion eone 928, slower cone retainer 930, a body of cement 932. a lower guide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
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950, and a fluid passage 952. 

The retainer B24 is coupled to the hibricator mandrel 946, babricator aleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 928 to the 
lubricator aleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
dairy available retainers such as, for example, slotted spring pins or roll 
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pin. 

10 The rubber cup 926 is coupled to the ret-tinex 924, the lubricator mandrel 

948. and the hibricator sleeve 948. The rubber cap 926 prevents the entry of 
foreign materials into the trit+rinr region ft?2 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cupe such as, for example. TP cups or S electiv e 

15 Injection Packer (SIP) cup. In a pr e f erred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas. TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region $72 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil baaed hibricants or Climax 1500 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
ofoemeiit 932, the lovrer guide 

the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of ihm expansion rone 
928 is prevented by the boirj of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 92fl preferably ha* a substantial^ "mrokr croon ncction. 
5 The outside diameter of the erpan pon cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 mav ran** for 



iment, the wall 



example, from about 0.125 to 3 inchea In a pre fer re d 
thickness of the expansion cone 928 rangBafttmiabc^0^to0.75iiuihesinoni^ 
to optimal^ provide adequate ccmpressfte strength with mm The 
10 ma x imum and minimum outside diameter* of the **x mminn 928 m ^ 
for example, from shout 1 to 47 inches, fa a preferred ^nK^T^ t ^ 
and inmnnqm outside diameters of the expansion cone 928 range from about 3.5 
to 1 9 in order to optimally provide expansion of generally available oilfield tubulars 



The px pfl Tiraon cone 928 may be fabricated from airy number of conventional 
16 commercially availabtei^ 

or low alloy steeL In a preferred emhodim wnt y the rxprmnkm cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abra^ 
The surface hardness of the outer surface of the expanskm cone 928 may range, for 
exan^fromabwtSOBockwenCtoTOIto^^ In a preferred embodiment, 
20 the surface h ardn ess of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 



strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimal^ provide a hard outer surface and a resilient interior body in order to 
provide abrasion resistance and fracture toughness. 
The lower cone retainer 930 is coupled to the eapsnsion cone 928 and the 
"ring 940. In a preferred 
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928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a -"Mnntinlfr rmmilnr croon portion. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials unrh as, fer example, r« ™»»u *~o 
steel, titanium or low alloy steeL In a preferred enmodiment, the lower cons 
retainer 930 is fabricated from tool steel in order to optimally provide 
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strength and ahraskm resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about SO Rockwell C to 70 
Rockwell C. In apref erred embodiment, the surface hRrdnpra of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to 

and a resilient interior body in order to optimally provide abrasion resistance and 

fracture toughness. 

In a preferred embodiment, the krwer cone retaiiw 930 and tte 
10 cone 928 are formed as an integral c«e*piece element in order reduce tte 

of components and increase the overall strength of the appelates. Hie outer 

surface of the lower cone letahw 

the tubular members 902 and 915 . 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 

The body of cement 932 further may be easiryd^ed out uamga conventional d^ 

device. In this manner , the mandrel 906 may he easily removed using a 

conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 epnimerrially available cement conirxjunda. Alternatively, aluminum, cast iron or 

some other cWlahtemetaUi^ 

for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 

25 During c^eratica of the apparatus 

the movement of the mandrel 906 within the tubular member 902. The lower 

guide 934 preferably has a substantially annular cross^ectiODu 

The lower guide 934 may be fabricated from any number of conventional 

c ommcr cialry m*t*iA*\a such «*, for emmnle , oilfield tubulars, low alloy 

30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 

fabricated from tow alkry «teel in e*der to optimally provide hi^ 
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The outer surface of the lower guide 984 f^eraWymato with the inner cixrfaw 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the bwerguid^eSiandthehoiising 
940. During operation of the apparatus 900, the extension sleeve 986 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 prrfmAfe hn* * inU»ntinHy ramilar rroM^ectiorL 

The e xt ensi on sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for *«mpl ^ oilfield 
tubular*, low alky steel or stainless steel In a preferred embodiment, the 

10 extension sleerve 936 is fiAricatri 

high yield strength. The ogtersarfflM^of the extension 

with the inner surface of the tubular member 902 to provide a eliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 FVeferabty, the spacer 938 has a substantially ^rmW cjoes-acction. 

The sparer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is nibricatedfi^alttmmum in 
order to optimally provide drillability. The end of the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 areformed as an hitegralone^n^ element in order 
to reduce the number of amnrownte and increase tto 

The housing 940 is coupled to the lower guide 93%, extension sleeve 936, 
expansion cone 928, body of cement 982, and lower cone retainer 930* 
30 operation of the apparatus 

motion of the expansion c one 928. Preferably, the liotismg 9 
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The housing 940 may be fabricated from any number of conventional 
coixunercifllly available materials such as, for example, oilfield talmlara, low alloy 
steel or stainless steeL In a preferred embodiinent, the h^ 
from low alloy steel in order to optimally provide high yield strength* In a 

5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing $40 
are formed aa an integral one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fariliat e the connection between the 

10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938. and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferaluy provides support for the mandrel 
906. The Bealingsleeve 942 is preferably coupled to tJie support member 904 using 

15 the coupling 922. Preferably, the sealing steeve 942 has a substantially annular 

cross-section. 

The sealing sleero 942 niay be fk^ 
commercially available materials such as, for example, steel, ahmimnm or cast 
iron. In a preferred ernbodiment, the sealing sleeve 942 is fabricated from 
20 aluniinum in order to optimally provide driQabflity of the sealing sleeve 942. 

In a particularly p re fer red embodiment, the outer surface of the sealing 
sleeve 942 includes c^e nr more protrusions to feu:iliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element In order to minimis e the 
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The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 935L During operation of the apparatus 
900, the upper cone retamer 944 prefer^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-aection. 
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The upper cone retainer 944 may be fabricated from any number of 

ally available materials such as, for example, steel, 

*, the upper cane retainer 944 
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aluminum or cast iron. In a p re fer r e d 

ia fabricated from ahiminum in order to optimally provide driHability of the upp 
5 cone retainer 944. 

In apartteclarfr preferred embodiment, the upper cone retainer 944 has a 
cit>esH»ctkmal shape designed to provide increased rigidity. In a particularly 
preferred enibodiment, the upper cane retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increnaed rigidity and minxmue the 
10 ainount of material that would have to be drilled ouL 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 960. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 mterfece between the ina Preferably, the 

lubricator mandrel 946 has a substantially annular cms-eectbn. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional conmwrially available materials such as, for example, steel, 
alumiimmoxcaatinm. In a preferred emb odiment, the lubricator mandr el 946 is 
20 fabric at e d from aluminum in order to optimally provide driUabGity of the 
lubricator mandrel 946, 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably sum^ the rm^ber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The mbricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 



aluminum, or cast iron. In a preferred 












30 fabricated from ah 
lubricator sleeve 948 



i, the lubricator sleeve 948 is 



< uttil tin 



in order to optimally provide driDability of the 



As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. Hie fabricator sleeve 948 inturn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiments 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902 . 

The guide 950 is coupled to the lubricator mandrel 946 , the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cross-e^ctkm. 

The guide 960 may be fabricated from any number of conventional 
annmertiaDy available materials such as, for example, steel, ahrrmrnirn or east 
iron In a preferred embodiment, the guide 960 is fabricated from aluminum 



order to optinialry pxrvid^ 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment* the Quid passage 952 is positioned about 



ilarry preferred c 



1 ||« I a| 1 1 



it, the 



the centerlme of the apparatus 900. In a 

fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rale rangirig from aboutO to 9,000 psi and 0 to 3,000 giulona/mm in order 

to optimally provide pressures and flow rates to dis^ 

the installation of the apparatus 900. 

The various elements ofthe mandrel 906 may be coupled 

of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred enibodlment, the vark^ 

mandrel 906 are coupled using threaded connections and c ementing . 

The shoe 908 preferably mchides a housing 954, a body of cement 956, a 

sealing sleeve 958. an extension tube 960. a fluid passage 962. and one or more 

outlet jets 964. 
80 The bmiaing 954 is coupled to 

914 of the tubular member 902. During operation of the apparatus 900, the 
h c m ring QK4 preferably conples the lower portion of the tubular member 902 to the 



shoe 90S to facilitate the extruskm and positioning of the tubular member 902. 
Preferably, the homing 954 has a substantially annular cross^section. 

The housing 954 may be fabricated from any number of conventional 
commerci ally available material* such as, for prftTnple, steel or aluminum In a 
5 preferred embodiment the housing 954 is fabricated from ahcninum in order to 
optimally provide drillabflity of the housing 854. 
In a particularly preferred embo^ 

954 includes one or snore protrusions to fedliatettieconriection between the body 

of cement 966 and the housing 954. 
10 The body of cement 856 k coupled to the housing ftfia, th- eealing nlprvr 

958* In a preferred -embodiment, the composition of the body of cement 956 is 

selected to permit the body 

drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement c omp o si tions. In an alternative embodiment, a drfll ab le 

material such as, for example, aluminum or iron may be substituted for the body 

of cement 956. 

The railing sleeve 958 la coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jetB 964. During operation 
20 of the apparatus 900, the sealing sleeve 966 preferably is adapted to convey a 
hardenable fluid*; material from the fluid psssage 952 into 
and theii into the outlet jets 964 hi order to 

into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation ofthe apparatus 900, the seaJiiiga^ 
25 imdudea an inlet geometry 

lodged in the inlet of the sealing sleeve 958. Inthisrnsnner, the fluid passage 962 
may be blocked thereby fl^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
SO aimularcn»sectian. Thesealmgsleeve958n^ 

of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a referred embodiraent, the sealing sleeve 958 ia 
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fabricated from ah 
sleeve 958. 



mm m order to optimally provide drillabihty of the sealing 



coupled 



md one or more outlet jets 964. Daring operation of the apparatus 

5 9<M>, fop ~r***n*irrr> tolw» 960 prgfemhfr ja adapted to convey a hardftnahle fluidic 

material from the fluid passage 952 into the fluid passage 962 and then into the 
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region external to the tubular member 902. In a preferred embodiment, during 
operation of the ap p aratus 900, the sealing sleeve 960 farther indudas an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the seating sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fhndidy isolating the interior region 966 of the tubular member 902. In 
a preferred embodiment 

the spacer 938 in order to optimally fariiiate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube960 maybe fieforimted from any number 
of conventional commercially available "> tt »*^ ft|n such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide driDability of the 

extension tube 960. 

The fhnd passage 962 is coupled to the sealing sleeve 958, the ex ten si o n 
tube 960, and one or more outlet jeta 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 
25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fhtidk TPPt"*™*" at pressures and flow rate 
raurinzfrom about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally 



provide fluids at operationally efficient rates. 
30 The outlet jets 964 are coupled to the sealing sleeve 958, the er ten id o n tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outletjeta96^amiprisepa3sa^ drilled in 
the housing 954 end the body of cement 956 in oxdex to rfmplify the construct 
5 of the apparatus 900. 

The various irienients of tte 
conventional process such as, for example, threaded connections, cement or 
inachined fi^ one piece In a prefer^ ^1)™*^^ the various 

elements of the shoe 908 are coupled using cement 
10 Inaprejjmedeinhodiniant»thea 

described above with reference to Kg* 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing ox pipeline. 

In particular, in order to extend a wellbore mto a subterranean fo^ 
a drill staring is used in a well known manner to drill out material from the 
16 subterranean formation to form a new gwtion. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the weflbore. In a particularly 
preferred embodiinent, the a j nft 
preferred embodiment, a hardenable fluidic sealing bardenable fl uidic sealing 
20 material is then pumped from a sur^ location into the fluid passa^ The 
hardenable flnidir spaWngmaferial thrm passoafiromtheflnHpaaasge 918 into the 
interioT region 966 of the tubular member 902 below the mandrel 906* The 
hardenable fluidic scaling- material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluid* sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior waD of the n^ 
wellbore. Continued pamnin^of th^ hjn-Am^KU flrt^fr imnlingm rrtCTinl emiooa the 
material to fill up at least a portion of the annular regimx 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, foreran^ 

5,000p»and0tol^galbna^ In a preferred enibodimen t , the 

hardauAtefhiite^ 



and flow rates that are designed for the specific wellbore section in order to 

optimise the displacement of the haidenable fluidic Beating material while not 
creating high enough circulating pressures Buch that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The haidenable fluidic sealing material may comprise any number of 
conventional conunercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the b landed cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
Triatrial in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 

filled with hardenable material. 

20 Once the annular region has been adeo^tely filled with hardenable fMd^ 

sealing materia], a phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974 , or other similar device, pre f erably is 
introduced into the fluid passage 962by introd^idngthe plug or dart 974, or other 
similar device into the non hardenab le fluidic material In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandihle. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. Duringthis extrusion process, the dwe 908 is preferably 
substantially stationary. 
5 The phi* or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the Arid passage 91B at a surface locati 



in 



a com 







.i < \ n 


rJTT 



ial manner. The plug or dart 974 may comprise any number of 
conventional commerrialjy available devices for phigging a fhii^ 
far example, Multiple Stage Cementer (M3C) latch-down ping; Omega latch-down 
10 phig or three- wiper latch down ptagm 

the present disctosure, In a preferred rnnhodi™^ 

a MSG latch-down phig available from Halliburton Energy Services in T) *]\»n TT 
After placement of the plug or dart 974 in the fluid passage 962 t the non 
bardenahle iluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimal^ extrude the tubular n^ 
off of the mandrel 906. 



For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reechesapproxiinatetySOO to 9,000 pal In a preferred 
embodiment, the extrusion of the tubular members 902 and 9 15 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
14200 to 8,500 pai with a flow rate of about 40 to 1250 gallona/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 e xp an de d portions of the tabular members 902 and 915 at rates ranging; for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expended portions of the tabular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

SO permit full expansion of the tubular members 902 and 915 prior to curing of the 
hard enable fluidic sealing material; but not ao fast that tnnejy adjustment of 
operating parameters during operation is p re vente d. 
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When the upper end portion of the tabular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portfenofthet^ular member 
915 will preferably contact the interior surface of the lower end portion of the 
fitting casing to form an fluid tight overlapping Joint. The contact pressure of the 
5 overlapping joint may range, for example, from appmiiuiatery 60 to 20,000 psL In 
a prefer red embodiment, the contact pressure of the overiappmgjomt between the 
upper end of the tubular member 915 and the existing section of weUbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing menibera and provide optimal resistance such that 

10 the tubular member 915 and exi^ 
compressive loads. 

In apreferred embodiment; the operaiin^preasureandftowrateofthenon 
hardenable lluidic material will be controUabty ramped down when the mandrel 
906 readies the upper end portion of the tubular member 915. In this manner, the 
15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or flow 
rate of the ha rdenab le fhiidk sealing material and/or the non hardenable fhndic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Alternatively, or in combination, a shock absorber is provided in the support 

member 904 in order to absorb the shock caused by the suddm release of pr^ 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 

906. 

30 One? th» extrusion p*rap«« in completed, the mandrel 906 is removed from 
the wellborn In a preferred embodiment, either before 

mandrel 906, the integrity of the fluidic seal of the overlappingjoint between the 
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upper portion of the tubular member 915 and the lower portion of the easting 
casing ia tested using conventional methods. If the fhridic seal of the overlapping 
joint between the upper portion of the tubule 

of the existing casing is satisfactory, ihen the uncared portion of any of the 

5 hardenable flnldic sealing material within OTparvfaf tabul ar ™ «»mw g}g fo 
then removed in a convention a l manner , Ttw hardenable fluMi* seal m g material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 
Preferably any remammgcuredha^ 
10 the interior of the expanded tubular members 902 and 91£ is th^ 

conventional maimer usinga conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular rnembeta 902 and 9 
outer annular layer of cured hardenable flntdic sealing Tna+^ pj The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventkmal drilling 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire appaxatua 900 from them 

to a malfunction. In this arcnmfifrmce, a conventional drill string is used to drill 
out the interior sectiaaa of the apparatus 900 in order to ladlitate the removal of 

20 the r emaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for cement and 

aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 90S, including one or more of the body of 
cement 932, the spacer 938, the aealtag sleeve 942, the upper co^ 
the lubricator mandrel 946, the lubricator sleeve 948 , the guide 950, the housing 
954, the body erf cement 956, the sealing deeve 958, and the extension tube 960 f 
are selected to permit at least some of these components to be drilled out using 

30 conventional drilling methods and apparatus In this manner, in the event of a 
malfunction downbole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, 10d, 10e, 1Q£, and lOg a method and 

apparatus for creating a tie-back liner in a weHbare will now be described* As 
illustrated in Fig. 10a, a weHbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

5 The first ramng 1 004 preferably includes a tubular liner 1008 and a cement 

annuhis 1010. The second casing 1006 preferably include* a tubular liner 1012 
and a cement annulua 1014. In a preferred embodiment, the second casing 1006 
is farmed by expanding a tubular member substantially as described above with 
reference to Fig*. l-9c or below with reference to Figs. lla-llf 

10 In a particularly piefei ie d embodiment, an upper portion of the tabular 

liner 1012 crverlapfl with a k> ww puitloziofthetubiiliu: liner 1008. Inapexticnlarfr 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie4>aA Imer that extends nxim 

the overlap between the first and second casings. 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a Quid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1160. The expandable mandrel 1105 is preferably adapted to 
oontrollably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the te a ching s ofthepresentdiaclosuTe. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 





pn 


Ml 





incorp or ated herein by reference, modified in accordance with the teachings of the 



30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 11^ 

extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of material* such as» for example, Oilfield Country 
Tubular Goods, W chromium tu^ In apreferTed embodiment, 

the tabular member 1 1 10 is fabricated from Oilfield Country Tubular Goods, 
The inner and outer diameters of the tabularmember 1110 may range, for 
5 example, from appw«anatefr0.75to 
In a preferred embodiment, the inner and outer diameter* of the tubular member 
1 110 range from about S to 16 £ inches and 3.6 to 16 inches, respectively in order 
to optimally provide coverage for typical oilfield casing sises. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion of the tubular member 
U10 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minim is e the possibility of buckling. For typical tubular mem ber 1110 materials, 



16 the length of the tubular member 1 1 10 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 U coupled to the ftrpandnhle mandrel 1105 and the tubular 
member 1110. The shoe 1115includes the fluid passage 1135. The shoe 11 15 may 



comprise any number of conventional commercially available shoes such as, for 
20 example, SupwSealHllo^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferr ed embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, mooUfied in accordance 

preeent disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular mem 

isolate the interior of the tubular member 1100 after the latch dtwn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
30 expansion and cementing operations. 

In a preferred emixxfiment, the fihoe 1115 tncfades one or more side outlet 
ports 1140 in fiuidk communication with the fluid peaaage 1135. In this manner, 
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the shoe 11 15 injects hardenable flttMfc sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one on 



can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

Tbe cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injectton Packer (SIP) cup* modified in 
accordance with the teachings of the present disclosure. In a preferred 
it, the cup seal 1120 comprises a SIP cup, available from Halliburton 
in Dallas, TX in order to optimally provide a barrier to debris and 
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15 contain a body of lubricant. 

The fluid passage 1130 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel HQS. The fluid passage 1130 

i of the 



20 preferably extends from a position adjacent to the surface to the b 

expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerhne of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3 ,000 galtons/minute and 0 to 9,000 psi in order 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fhiid passage 1135 permits flnifl^ 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fhiidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a p lag, or other smnlar device, to be placed m 
passages 1140 to thereby block farther passage of fluidk materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This penmts the interkn- region erf 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drillingmud or epoaies at flow rates and pressures 

•bout 0 to 3,000 gmllonMnhmte and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubular member UlOaM the tulmlax liner 1008 with 
fluidic materials. In a preferred embodiment the fluid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the Bhoe 11 15 indndes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive aphig, 
20 or other eiinilar device, to permit the mterior region of the tubular m 
to be fhridicfr isolated from the exterior of the tubular member 1110 

The seals 1145 are coupled to and supported by a tower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlappingjomt between the upper 

end portion of the tubular member 11 10 to be fluididy sealed. 

The seals 1145 may comprise any nnmber of conventional commercially 
available seals such as, for example, lead, rubber. Teflon or epaxy seals modified 
in accordance with the teachings of the present disclosure. In a pr e fe rred 
30 emboditmmt, the seals 1145 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulk: seal m the overlapping 

to withstood the range of typical tensile and compressive loads 

In a preferred embodiment, the seals 1146 are selected to optimally provide 
a sufficient frictionalforcc to support the expanded tubular member 1110 from the 
5 tubular Inw 1008. In apreferr^ 
seals 1145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 intothe weUbbro 1000. In a preferred wnbodiment , the support 
member 1160 farther includes one or more conventional centrahxers (not 
illustrated) to help stabilize the tubular member 1110. 

In a pre fe rred embodiment, a quantity of lubricant 1 150 is provided in the 
16 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tabular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lobriplate, chlorine based lubricant* or Climax 1500 Antiseize (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Oimax Lubricants and Equipment Co. in Houston, TX in 
order to optimalry provide lubrication for the extrusion process. 

In apref erred embodiment, the rapport mernber 1150 is thorough 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of for ei g n m a ter ial into the apparatus 1100 la minimised 
This imninriaes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 include s a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fhiidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidk 
materials are prevented from en t e ri ng the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1165 comprises an EZ Drill Packer available from Halliburton^ 
5 Dallas! IX In an alternative embodiment, a high gel strength pill may be set 
below U>etic-backinplacerfthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment , before or after positioning tte apparatus 1 1 00 
within the weflbore 1100, a couple of weSbore volumes are circulated in order to 
10 ensure that no foreign mstori ala are located within the wftHhrnw inon that might 
clog up the various flow passages and vahvesof the apparaiaa 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in rig. 10c, a hardenable floidic sealing material 1160 is then 
16 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the eipandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1 110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 
20 between the exterior of the tubular member 1110 and the interior wall of the 



tubular Uner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the «™nni** region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,600 

25 gaDons/min, r espec ti vely. In » pr»f*rroH nmS^fnont tim 1 1 fiQ p«i™p»H 

into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures «*» pmfar»siy calculated n«ng conventional em pir ical methods* 

30 The hante n able flnidic sealing material 1160 may comprise any nnmber of 

conventional commercially available hmifmAI* fWJl* sealing mrfffritln mifh ns, 
for example, alag mix, cement or epaxy. In a preferred embodiment, the 
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hardenable floidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TXin order to optimally provide proper support for the tubular 
member 1110 whOe maintaining optimum flow characteristics so as to minimize 
5 operational difficulties during the displacement of cement in the nnnnlnr region. 
The optimum blend of the blended cements are preferably determined using 
ntiimal empirical methods. 



The annular region may be filled with the material 1160 in sufficient 



quantities »*«nm» thwt, vp^ mHisti expansion «f th* tubular mi>intw>r 1110, the 
10 annular region will be filled with material 1 160 . 

Aa illustrated in Fig. lOd, once the axmnlarregxon has been adequately filled 
with material 1160, one or more phigs 1165, or other similar devices, preferably 
are introduced into the iluM passages 1140 thew 

region of the tubular member 11 10 from the annular region external to the tubular 

15 member 1110. Inapreferredembodiment»anon h n r ^^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 166 , or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fiuidk 

20 m aterial In this manner, the amount of hardenable fiuidic material within the 
interior of the tubular member 1110 is nrinhrrfrai 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurised, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 t he expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1 1 65 into the fluid passage 1 1 30 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commerciaUy available devices firom plugging a fluid passage such as, fore 

30 brass balls, plugs, rubberballSi or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment* the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a ^wn n central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the phigs 1165 in the passages 1140, the non 
6 harriennhle fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 bekm the mandrel 1105 at pressures and flow rates 
ranging from approximate^ 500 to 9,000 psi and 40 to 3,000 gallona/min. 
In a preferred embodiment, after placement of the pings 1165 hi the fl uid passages 
1140, the non hardenahk fluidic material 1161 is preferably pumped into the 
10 interior region of the tubular member mo bekw the mandrel 1105 at prewres 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallona/min in order to optimal^ provide extrusion of typical tubulars. 

For typical tubular members 1110. tie extrusion of the tub ular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approximate^ 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1 1 10 below the 
mandrel 1105 reaches approximate^ 1200 to 8500 psL 
20 During the extrusion process, the eipandabkmandrd 1105 may be raised 

out of the expanded portion of the tubular member 11 10 at rates ranging, for 
example . from about 0 to 5 ft/aec ImpmfomJ ^iWm)^^ ^iringthf eitrusion 
process, the expendable mandrel 1105 is raised out ofthe expanded portion of the 
tubular member 1 110 at rates ranging from alxmtO to 2 ft/aecm order to optimally 
25 provide permit adjustment of operational parameters, and optiip»Ifr ensure th at 
the extrusion process will be oampktedbefbre the material U60 cures. 

In a preferred embodiment, at least a portion 1180 ofthe tubular monber 
1 110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the weObore casing 10 li In a particularly ptefewd embodiment, the seal 
is effected by ra mpr pgHing the seals 1016 between the expanded section 1180 and 
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the weUbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the fxpf"^*** section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in 





wm 
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to optimally provide 
optimal resistance to 



typical 



loads. 



In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 try the mandrel 1105 results in contact between substantially all of the 





m 




it 
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«*, the contact pressure of the joint between the expanded tubular 
member 1110 and the 1008 and 1012 ranges from about 500 to 10,000 psi 

in order to optimally provide pressure to activate the sealing members 1145 and 



15 provide optimal resistant* to erisure that the jomtwm withstand 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portiori of the tubular member In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimized , In a 
preferred embodiment, the operating pressure of the Guidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10%duxing the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extrusion process. 

AltcrnatrTcjy , at m in Pf*™ j ■ "h*"**** provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 



^ , or in combination, a mandrel catching structure is provided 
30 m the upper end portion of the tn^ 
decelerate the mandrel 1105. 
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Referring to Fig. 10f r once the extrusion process is ™™ r H^ the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
S tubular member U10 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidk seal of the joint between the upper 
portion of the tabular member 1 1 10 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tabular member 1U0 is then removed in a conventional n^ The 
10 material 1160 within the annular regionbetwemthe tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. 10fc preferably any remaining cured material 1 160 
within the interior of the expanded tabular member 1110 is then removed in a 
conventional manner nsinga conventional drill string. The resulting tie-back liner 
15 of casing 1170 includes the expanded tubular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1 155 using conventional drilling methods. 
20 In a particularity preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an embodhnent of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will mw be described 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wallbora 1200 forfnd** im mrin^^ r*r\\rn\ 1 ?10 having 
a tubular casing 1215 and an imnnW outer layer of cement 1220. 

In order to extend the weDbore 1200 into the subterranean formation 1205, 
a drill string 1225 ia used in a well known ™™tmt to drill out material from the 
subterranean formation 1205 to form a new section 1280. 
30 As Ohistrated in Fig. llb 9 an apparatus 1^ 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 p w wfim iifr includes " «t«i^«k u mandrel or 



pdg 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The ffTTwmrinhlp mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise airy 
number of conventional commercially available expendable mandrels modified to 
accordance with the teachings of the present disclosure. In a preferred 

gmhrvKmmt, thi% expandable mmriiyl 1»05 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.S. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1810 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably nmartflflri in the radial 

15 direction and extruded off of the expandable mandrel 1306. The tabular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0.76 to 47 inches and 105 to 48 inches, respectively. 
In a pi cfei i ed embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to opthnalry provide minimal telescopangeffect in the most commonly en c oun t ered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, mid a lower portion 1365. In a 
preferred embodiment, the waUthidrnegs and outCT diameter 
1355 of the tubular member 1310 range from about 3/8 to 1 % inches and 3 Vi to 
16 inches, respectively. In a preferred embodiment, the waU thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.76 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1 365 of 
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the tabular member 1310 range from about 3/8 to 1^ inches and 3.5 to 16 inches, 



preferred embodiment, 



intermediate section 1880 of the tabular member 1310 la has than or equal to the 
5 wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to qpthnatyfitdBiatethe 

and optimally permit the placement of the apparatu* in areas of the wdlbore 
having tigxt dearancea. 

The tubular member 1310 preferably comprises t solid member. In a 

10 preferred embo dimen t, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or alow down the mandrel 
1305 when it completee the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 ia limited to minimise the 
possibility of buckling. For typical tubular member 13 10 materials, the length of 

15 the tubular member 1310 is prefer^^ 
in length. 

The shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a Uirivdnwrn phig tnr^rff^ ft^«v^ wfth th* tawhinpi *f 

the present disclosure. In a preferred embodim ent, the shoe 1315 comprises an 
ahimimim down-jet guide shoe wxthaseelm 
from Halliburton Energy Services m Dallas 
25 teaching * of thepteaent disclosu re, tn p Hpr tft np Hn*«>fr gn L 
1310 into the weuhore 1200, optimally fluidlcfy isolate the 
member 1310, and opthnaUy permit the complete drill out of the shoe 1816 upon 
the completion of the extrusion and cementing operations. 
In a preferred embodiment, the shoe 1315 
30 outlet ports in flnirtic (ymminrirstion with the fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardmuhl* fWi/» — ^ff Tnstrrinl into tho region 

lent, the 



of the tubular 



m 


^^^^ 
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shoe 1316 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing el em en t s into the fluid 
passage 1330. 

5 The fluid passage 1320 permits floidic materials to be transported to and 

.310 below the expandable 



from the interior region of the tubular n 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position wtfacmt to the surface to the bottom of the 
expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a cecteriineofthe apparatus 1300. The fluid passage 1820 is preferably selected 
to transport materials such as cement driDing muil, ox qpoxies at flow rates and 



Ik 
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pressures ranging from about 0 to 3,000 gallonaftiuimteand0to9 r 000psi 
U> optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional ihape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In tins manner, 
the interior region 1370 of the tabular member 1310 below the expandable 
mandrel 1305 can be ffuidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressu ri sed The fluid passage 1330 is 
preferably positioned substantially along the canteriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pr e ssur e s ranging from about 0 

30 to 3 r Cfflfl gi»ii™«/"»*™*A o to a r OOO pri in order to optimally fill the annular 
region between the tubular member m 

1200 with fluidic materials. In a pr e fe rred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offby introducing a phig, dart 
and/or ball sealing elements into the Quid passage 1320. 

The fluid passage 1336 permits fluidic material to be transported to and 
5 from the region exterior to the tubular member IS 10 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1336 is preferably 
positioned substantia^ along the centerline of the apparatus 1300. Hie fluid 
passage 1385 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxide at flow rates end pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pd in order to optimally fin the annular region 
between tiie tubular member 1310 and the new 
with fluidic materials. 

Theseals 1340 are eoupled to and supported by the upper 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the cnreriappm^^ 

the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commercially avgHabis seals 

20 such as, lor example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the t eachin g * of the present disclosure. In a preferred embodiment, theseals 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
axmutasof the overlapping 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are sdected to optimally provide 
a sufficient firictional force to support tiie expanded tubular member 
existing casing 1215. In a preferred embodiment, the £rictional force provided 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seels 1340. The support member 1345 
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preferahfy comprises an annular member having sufficient strength to cany the 
apparatus 1300 into the new section 1230 of the weflbore 1200. In a preferred 
embodiment, the support member 1345 farther include* one or more conventional 
centralixers (not illustrated) to help stabilize the tubular member 13 10. 
5 In apreferred embodiment, the s^ 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of fo^ 

This i mr*™"* the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 



feres with the expansion process- 



The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passagB 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such aa, for 
15 example, Multiple Stage Cementer latch-down phigB, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t eachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1 360 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305, 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbare 1200, a couple of wellbore volumes ere 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As3histrs*edinFIg.llc,ahajd^ 
pumped from a surface location into the fluid passagB 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 

tabular member 18 10 and the interior waDofthe new se^ 

1200. Continued pumping of the material 1380 causes the material 1380 to fig op 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressure* and flow rates ranging, for erampto, from about 0 to 5000 psi and 0 to 
1,500 ga l lona/mm , respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 galloiia/min, respectively, in order to optimally 
10 fiU the annular region bet^ 

of the wellborn 1200 with tba hardenable Unfair sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any mnnber of 

conventional c rmtm«r taally flvnilnhl* hfnT frmnfrV ffaiflic wiling mntoHalfl gagfa as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from 
Services in order to optimally provide support for the tubxuar member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the rrmrnt is preferably determined using conventional jrmpiriry] methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure tht, upon r^M expansion ^thft tabular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 wffl 
filled with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1390 has been adequately 

25 fmed with material 1380, aw 

into the fluid passage 1320. Ihe wiper dart 1896 is preferably pumped through the 
fluid passage 1320 by a non hardenable flntfic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a p re fe r re d embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes^ wiper phig 1350 to decoupte 
from the mandrel 1305. Thewiperdart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and Guidkry isolating the interior region 1370 of the tubular 
member 13 10 from the annular region 1390, In a preferred embodiment, the non 
hardenable fiuidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 

5 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Daring the extrusion proc^ the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 

10 introdudngthe wiper dart 1396 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 



conventional cominerda^ 

for examp le, Multiple Stage Cementer latch-down plugs, Omega latch-down profes 
or three wiper Latch-down plug/dart modified in accordance with the teachings of 

15 the present disclosure. In a preferred embodiment, the 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Hallib urton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wq>er 

20 dart 1895, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1,600 gaBona/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimised 

In a preferred embodment, 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressure and flow rates ra^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 ~"»T»»«in the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 
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For typical tabular members 1310, the extrusion of the tubular member 
1310 oft of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi. In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a Amotion of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type ofhibricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 During the extrusion proceas, the expendable maiHirel 1305 nuiy be raised 

out of the expanded portion of the tubular member 1310 at rates ranging for 
example, from about 0 to 6 ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

Whan the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface of the upper end portion 
20 1355 ofthe tubular member 1310 wffl preferably contact the 

lower end portion ofthe casing 1215 to form an fhnd tight overlappingjomt. Tie 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
ofthe overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact preasura lufficieiit to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the seeling members 1340 will ensure an 
adequate fhiidic and gaseous seal in the overlapping joint 
In a preferred embodiment, the o 
30 hardenable fhiiriicm at erial 1381 is oontrollabfr ramped down when the expandable 
mandrel 1305 readies the upper end portion 1355 of the tubular member 1310. 
In this maimer, the sudden release of preasomesxu^l^aieeompleto eartnision 
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of the tubular member 1310 offof the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure ia reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alte rnati vely, COinbin **im n shock ahanr hgr ja provided in the support 
member 1345 in order to absorb the shock caused by the sadden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure ia provided 
10 in the upper end portion 1855 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 

removed from the wellbore 1200. In a preferred embodhuent,e^ 

the removal of the expandable mandrel 1305, the integrity of the fluidk seal of the 

15 overlappingjoi^ 1355 of the tubular member ^ 

the lower portion of the casing 1215 is tested using ccmventkmal methods. If the 
fluidic seal of the overlapping joint between the upper portion IS 55 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 jj then renyrml r* - ^r™™^"™ 1 ™*™«r Tha material 1380 withm the annular 

region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 

within the interior of the expanded tubular member 1310 is then removed in a 

conventional manner using a c^ventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annul a r 

layer 1405 of cured material 305. The bottom portion of the apparatus 1300 

OTmprismgthe shoe 1315 may 

conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation haa been described that includes m sfatimg a tubular liner and a mandrel 

in the borehole. A body of lluidic material is then injected into the borehole. The 

tabular liner is then radially expanded by extruding the liner off of the mandreL 
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The injecting preferably includes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenahle toridfc material into to 
tubular liner below the mandrel The method preferabfy includes fluididy 
5 isolating the annular region bvm the interior region before injecting the second 
quantity of the non hardenahle sealing material into the interior region. The 
injecting the hardenahle ftmdic aeafing material is pref erabty provided at 
operating pressures and f 

galtonafanx The injecting of the non hardenable fluidic material is preferably 
10 provided at c^eratmg pi 

and 40 to 3,000 galVmVmht. The injecting of the non hardenable fhxidk material 
is preferably provided at reduced operatingpreasurw 

portion of the extruding. The non hardenable fhudJc material is preferably 
injected below t he mandr el The method prefatab^mcinn^preeBnrijdn g a region 
15 of the tubular b^ow the mandreL Theregionof the tubular liner below the 
mandrd is preferably pressurised to 

The method prefCTably indudes ffuidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method further preferably 
include* curing the h i m tena ble sealing material, and removing at least a portion 
20 of the cured sealing material! 



within the tabular liner. The method further 
preferably includes c^^^ 

The method further prefer^ 

liner and the existing wellbore casing: The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method further preferably includes testing tike integrity of the seal in 
the overlap between the tubular liner and the existing wellbore casing. The 
method further preferably includes removing at least a portion «ftb» hardenable 
fhiidk eealmginaterid within the tulmlarlhw before cuxmg. The method further 
preferably includes lubricating the surface of the mandrel The method further 

30 preferably includes absorbing ihodL The method further preferably includes 
catching the mandrel upon the completion of the extrudmg. 



An apparatus for creating a casing in a borehole located in a subterranean 
formation baa been described that inchides a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and inchides a second fluid passage 
The tubular member is coupled to the mandreL TheBhoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
areoperablycouplecL The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 



ssnre relief passage. The support 
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further preferably includes a shock 



iber preferably includes 



adapted to pryvwt ftw^g" material fimrm entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated fr^ 

Country Tubular Goods, 13 chromium steel tubing/rasing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield pednt ranging from about 40,000 to 135,000 pal The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably inchides a catching member at an end 
portion far slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a prog for 
Mocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 



first and 



tubular 



in an overlapping relationship, pressurising a 
portion of the interior region of the aecond tubular member, and extruding the 
30 secon d tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular memrjer is pxeferabr^ 
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600 to 9,000 psL The pmwnriring of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portfa» of to The method further preferably includes 

sealing the overlap between the first and eecond tabular members. The method 
5 ftirtherpreferabfy 



overlap 



d tubular member. The method further preferably 
includes lubricating the surface of the mandrel The method norther preferably 
includes absorbing shock. 

A liner for use in creating a new sedm 
10 formation adjacent to an already existing section of weQbore casing has been 
d e scribed t hat fnrlnd e s mannnlar member. 11m aimular member inchidea one or 
more sealing members at an end portion of the annular member 9 and one or more 
pressure reEef passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 armularbocryofacuredflukto 

process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and man drel within 
the weQbore, and pressurizing an interior portion of the tubular liner The 
annular body of the cured flnidfc sealing material is preferably formed by the 
20 process ofizgecting a body of harde 

region erternal of the tubular liner. During the pressurizing, the interior portion 
of the tubular Imer is prefexabfr 

tabular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existmg wellbore casing. The wellbore casing preferably further 



ilar liner and the existing 
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includes a seal positioned in the overlap between the 
wellbore casing. Tubular liner is preferably sup p or te d the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
borehole has bem described thrtincfadaainstaUingata 

within the wellbore casing fnjprtmg a hoifr «f « ihtirt* ^t^Tifll into the borehole, 

of an interior region of the tubular liner, and radially 



«»rpi*TifKng the liner in the borehole by extruding the liner off of the mandreL In 



fi erred 



at, the fluidic material is selected from the group consisting 
of dag Tnfr*, cement, drilling mud, and epoxy. In a p r e fe rre d embodiment, the 

method farther includes ftitwKrly imlathig an interior region of the tabular liner 
5 from an exterior region of the tabular liner. In a preferred embodiment, the 
jqjeeting of the boxfr of fluidic n^ 

ratee ranging from about 500 to 0,000 psi and 40 to 3,000 gallona/min. In a 
preferred embodiment, the injecting of the body of fhiidic material is provided at 
reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodimant In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a picferi ed embodiment, the region of the tabular Knar below the 
mandrel is pressurired to pressures ranging from about 500 to 9 r 000 paL In a 
preferred embodiment, the method further inchides overlapping the tubular liner 

15 mth th** -yi«*ir»g wwtlhnm ragmg. In a preferred embodiment, the method farther 
inchides sealing the interlace between the tnbitoluw and the ex 
casing. In a preferred einbodiment, the method further irtfhMte supporting the 
extruded tubular K™*r using the existing weUbore easing. In a preferred 
embodiment the method further includes testing the integrity of the seal in the 

V 

I 

20 interface between the tubular liner and the existing weUbore casing. In a 
preferr e d embodiment, method farther includes lubricating the surface of the 

ent, the method farther includes absorbing 

catching the 



l a preferred 
preferred en 



1 




ei 
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mand rel upon the completion of the extruding. In a preferred embodiment, the 
25 method farther inctadfw grp^dfag thp mandrel in a radial direction. 

A tie-back finer for lining an existing weUbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. Tte tubular Hner is formed by t^ 

off of a mandrel The n ni™i«r body of a cored fluidic Bealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular hner is formed by the 
process of placing the tubular liner and mandrel within the weUbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior por^^ 

from an exterior portion of the tubular liner. In a preferred embodiment, the 



interior portion of the tubular Ira 

500 to 9,000 psL In a preferred embodiment, theanirularbody of acuredfhiidic 
5 sealir^ material is fonned fay tto 
sealing material into an animli* 

the tubular liner. In a preferred embodiment, the tubular liner overlaps with 



4l.1«*t 



preferred 



-till % » llllll^ | 



t, the tie-back liner 



» ♦ •.ii*l»i< 



ad in the oraariap h»l»»*n ih* +nK^fa r ljru»p 

t, tubular liner is 



further includes a seal 
10 other existing weSbore casing. In a prefer red end 

supported by the overlap with the other existing welftar* casing. 

An apparatus for expanding a tabular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe . Tht 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portkm, and anexterior portion. The interior 
portion of the mandrel is drillable. The tubular member ia coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 



Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portly 

bearing member. Preferably, the load bearing member compriaea * d rillab le body 
Preferably, the exterior portion of the mandrel ^ryprifffg an expansion cone. 
Preferably, the npansfim cone is fabricated tromTruttfr ri ah sel ect ed from the group 
consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although jUnstrattve embodiments of the invention have been s ho wn an d 
described, a wide range (^modification, changea and snlttttartiocn contemplated 
in the foregoing disclosure. In some instances, aome features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it ia appropriate that the appended claim* be construed broadly and 
in a manner consistent with the scope of the invention. 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tabular liner and a mandrel in the borehole; 

4 injecting floidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 e xtrudin g at least a porfon of the Uner 

12, A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 

4 drilling out a new section of the b^ 
6 casings 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fiuidic sealing material into an nnrmior region 

10 between the tubular Hner and the new section of theborehole; 

11 flnldkfr isolating the annular region between the tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fhiidk material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tuhnlar lhmr off of the m+ mandrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 fnqfafr" 

19 supporting the tubular hner with the overiap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the eealof the ovm^ between the tubular liner axid 

the already existing casing; 
removing at least a portion of the hnrrienahte fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 

removing at least a portion of the cured foiialehard^ 
within the tubular liner. 

An apparatui for oypq^Hmg a tubular member, comprising: 

a support member, the support member incl udin g a first fluid passage; 

a mandrel coupled to the support member, the mandrel i n cludin g: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular liner, the shoe inctadn^ 
wherein the first, second and third fluid passages are operabty coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member i nclud i ng : 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel grinding a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the n^ 
one or more sealing elements; 
a shoe coupled to the tubular member, the shoe in c l udin g: 

a fourth fluid passage coupled to the third fhiid passage, the fourth 

fluid passage adapted to receive a stop member; and 
one or more exhaust passagea coupled to the fourth fluid passage for 
injecting fluidic nmterial outside of the shor t and 
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16 at least one sealing member coupled to the s u ppor t member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tubular member. 

1 5. A method of joiningaaecond tubular nie^ 

2 first tabular member having an ixmer diameter greater than an ontpr ^ j an^ t^r of 

3 the second tubular member, comprising: 

4 pari tinning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of them 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an. OTwwiar member, the nT ^m?lir ™*mh<r>- including : 

3 one or more sealing members at an end portion of the annular 

4 member; and 

6 one or more pressure reliefpafisages at an end portion of the annular 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fhiidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining an existing wellbore mmng ^ comprising: 

2 a tubular liner, the tubular liner formed by the process at 

3 extruding at least a portion of the tubular Btm^ off of* a m andrel ; and 

4 an annular body of a cured fluidic ^mling material coupled to the tubular 

5 liner. 
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An apparatus for p^p^^C a tubular member, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drfllable; 
an rTpflTirirt^ tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wterein the interior portion of the ahoe is unliable. 
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